[Abstract] A set of Cas9 and single guide CRISPR RNA expression vectors was constructed. Only a very simple procedure was needed to prepare specific single-guide RNA expression vectors with high target accuracy. Since the de novo zygotic transcription had been detected in mouse embryo at the 1-cell stage, the plasmid DNA vectors encoding Cas9 and GGTA1 gene specific single-guide RNAs were micro-injected into zygotic pronuclei to confirm such phenomenon in 1-cell pig embryo. Our results demonstrated that mutations caused by these CRISPR/Cas9 plasmids occurred before and at the 2-cell stage of pig embryos, indicating that besides the cytoplasmic microinjection of in vitro transcribed RNA, the pronuclear microinjection of CRISPR/Cas9 DNA vectors provided an efficient solution to generate gene-knockout pig.
2 invader genome, a proto-spacer adjacent motif (PAM) was evolved (Mojica et al., 2009; Shah et al., 2013) . The CRISPR-Cas immunity was revealed, it can be divided into three stages (Rath et al., 2015; Wright et al., 2016) . The first adaptation or acquisition stage is responsible for the acquisition of spacers into CRISPR array following the exposure to foreign mobile genetic elements, such as phages or plasmids. A Cas2 homodimer was sandwiched by two Cas1 homodimers forming a heterohexameric complex for all three types of CRISPR-Cas systems (Sternberg et al., 2016) . In the second stage, the promoter embedded within the AT-rich leader sequence upstream of the CRISPR array transcribed the precursor CRISPR RNAs (pre-crRNAs), these were further processed into short CRISPR RNA (crRNA) guides by Cas proteins. Cas6 was involved in the RNA processing step in both of the type I and type III CRISPR-Cas systems Hochstrasser and Doudna, 2015) . Accompanied by the Cas9 protein, a trans-activating crRNA (tracrRNA) which contains an anti-repeat segment for duplex formation with the repeat compartment of crRNA was involved in the maturation of the crRNAs in the type II system (Deltcheva et al., 2011) . In the last interference stage, in cooperation with a mature crRNA and a cascade of Cas proteins, the signature proteins Cas3 and Cas10 were integrated into the RNA guided endonuclease complex in the type I and type III CRISPR-Cas systems, respectively. The type II effector is simply composed of a Cas9 protein, a pair of processed mature crRNA and tracrRNA (Gasiunas et al., 2012) . The crRNA and tracrRNA in the ternary complex can be substituted by a fused crRNA-tracrRNA single-guide RNA (sgRNA) (Jinek et al., 2012) . Because of extreme simplicity, the Cas9-sgRNA, now commonly termed as CRISPR/Cas9, binary complexes were immediately applied in the field of gene editing (Cong et al., 2013; Mali et al., 2013) .
Swine share a number of anatomic and physiologic characteristics with humans. Systems that are mostly cited as suitable models include cardiovascular, urinary, integumentary, and digestive system (Swindle et al., 2012) . Therefore, pigs are considered as a good source of organs for xenotransplantation. Two strategies are currently utilized to overcome the interspecies rejection hurdles.
The first one is to block donor organs expressing the antigens causing hyper-acute rejection, such as galactose-α1,3-galactose, N-glycolylneuroaminic acid and β1,4-N-acetylgalactosamine, by targeting the GGTA1, CMAH and β4GalNT2 genes, respectively (Estrada et al., 2015; Cooper et al., 2016) . The second strategy is to prepare organs which are composed of acceptor's cells in a surrogate animal by a blastocyst complementation technique (Kobayashi et al., 2010; Usui et al., 2012; Matsunari et al., 2013) . To produce gene-knockout pigs, the traditional method uses gene editing in somatic cells, such as fetal fibroblasts, and somatic cell nuclear transfer (SCNT) techniques to create knockout zygotes.
The examples of combining CRISPR/Cas9 and SCNT are reported to generate IgM JH (Chen et al., 2015) , RUNX3 (Kang et al., 2016b) , IL2RG (Kang et al., 2016a) , and GGTA1/CMAH/β4GalNT2 triple knockout pigs (Estrada et al., 2015) . Direct microinjection of DNA or RNA is another choice to prepare gene knockout pigs. Since the burst of de novo transcription in porcine zygotes was reported at the pCX-Flag2-NLS1-Cas9-NLS2, pCX-HA-NLS1-Cas9-NLS2, and pCX-Myc-NLS1-Cas9-NLS2; B.
ppU6-(BsaI)2-gRNA and primer pair designation.
Materials and Reagents
A. Preparations of sgRNA expression vectors www.bio-protocol.org/e2321 1. Raise all animals in a specific pathogen free farm. Feed the animals on a restricted diet (4% body weight) with free access to water.
2. Raise the recipients normally but treat them with special care particularly during farrowing.
3. All animals should be managed and treated in accordance to your federal and institutional guidelines.
C. Synchronization and superovulation www.bio-protocol.org/e2321 
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G. Farrowing and piglets care
1. Move the sows to the farrowing pens seven days before the expected delivery day.
2. Observe the nervous and restless behaviors of the sows; check the lactation further by hand milking.
3. On the day when sows start to lactate, check the sows intensively to ascertain any one of them need assistance for delivering, and take care of the neonates.
4. On the next day when farrowing was completed, collect the piglets' tail tissue samples for DNA extraction and further genomic analysis.
Data analysis
The genomic DNA samples isolated from pig tail tissues were analyzed by PCR with primers listed in Table 2 . The PCR products were cloned into the pGEM-T Easy TA-cloning vector. Individual Theoretically, for a heterologous male, half of the sperms are mutants. For a 50% mosaic male, 25% of the sperms are mutants. As 5 of the 14 offspring of the L537-12 founder carry the 4 bp (GGTT) deletion, it indicates that the mosaic ratio is between 50 to 100%. Since 5 and 3 of the 13 offspring of the L537-13 founder carry the 7 bp (TGGTTGG) and 7 bp (CATGGTT) deletions, respectively, it also supports this conclusion. The other offspring of the L537-13 carrying the 149 bp deletion indicates that the deletion reaction occurred after the 4-cell embryonic stage. It is possible that the majority of the germline was just occupied by the descents of the mutated cells in the L537-12 and L537-13 cases. However, these data also supply a clue that GGTA1 mutations caused by CRISPR/Cas9 plasmids might occur before and at the 2-cell stage of pig zygotes. 12 Notes 1. If PAGE purified primers were used, more than 90% of clones analyzed were composed of correct sequences. E. coli JM109 competent cell was routinely used in our lab.
2. The gene editing efficiencies of ppU6-GGTA138-60-gRNA, ppU6-GGTA1187-209-gRNA, ppU6-GGTA1181-159-gRNA, and ppU6-GGTA1223-201-gRNA, (site 1 to site 4, respectively) were first checked at cell level with LLC-PK1 cells (Su et al., 2015) . Higher efficiencies were found by ppU6-GGTA1187-209-gRNA and ppU6-GGTA1223-201-gRNA. In this pronuclear microinjection experiment, all four ppU6-GGTA1-gRNA vectors were co-injected; coincidently, only indel mutations at site 1 and site 4 were detected. 
